See page 2737 for the editorial comment on this article (doi:10.1093/eurheartj/ehl378) Aims To evaluate the effect of drug-eluting vs. bare metal stents for the treatment of coronary artery disease on overall, cardiac, and non-cardiac mortalities.
Introduction
In the past decade, stent implantation has become the treatment of choice among patients with coronary artery disease. 1, 2 Stents when compared with simple balloon angioplasty may reduce overall mortality in non-acute coronary artery disease 3 and re-infarction rates in acute coronary artery disease. 4 However, in-stent restenosis due to neointimal hyperplasia continues to limit the long-term success of coronary artery stenting. 5, 6 In order to resolve the problem of restenosis, drug-eluting stents were developed. In recently published meta-analyses of randomized controlled trials, drug-eluting stents were found to reduce restenoses and the need for revascularization procedures, but not to reduce overall mortality or the incidence of myocardial infarction. [7] [8] [9] These meta-analyses were limited to a follow-up of 1 year after placement of the stents.
Despite some technical problems associated with drug-eluting stents 10 and the publication of case reports of late thrombosis in drug-eluting stents after discontinuation of antiplatelet therapy, 11 drug-eluting stents continue to be widely used. Recent estimates suggest that in the USA !90% of currently deployed coronary stents are drug-eluting stents. 12 The vast majority of implanted drug-eluting stents is either sirolimus-or paclitaxel-eluting stents. A recent meta-analysis of head-to-head comparisons of these drug-eluting stents demonstrated a reduced need for revascularization procedures associated with sirolimus-when compared with paclitaxel-eluting stents. 13 In this meta-analysis of randomized controlled trials, we evaluate the effects of drug-eluting stents compared with bare metal stents on overall, cardiac, and non-cardiac mortalities as well as the occurrence of stent thromboses during an extended follow-up for up to 4 years.
Methods

Literature search
Concise 2004 (issue 12), three websites dedicated to dissemination of results from cardiovascular trials (www.tctmd.com, www.theheart. org, www.clinicaltrialresults.org), contacted experts of the field, and searched reference lists of identified publications for citations of additional relevant articles. We contacted original trial investigators and stent manufacturers for additional information where needed.
Data processing and data extraction
Two investigators (A.J.N./M.B.) independently assessed trial eligibility and quality. Disagreement was resolved by consensus. Data of eligible trials were extracted in duplicate. We assessed the quality of included trials with respect to concealed treatment allocation, blinding of patients and caregivers, blinded outcome assessment, loss to follow-up, and full description of losses to follow-up and withdrawals.
14 Eligible trials were required to have a randomized controlled design comparing drug-eluting sirolimus or paclitaxel stents with bare metal stents in patients with coronary artery disease, to report mortality data, and to have a follow-up of at least 1 year. Trials were excluded if they compared drug-eluting with bare metal stents in non-native coronary arteries, if they used other eluting drugs than sirolimus or paclitaxel (e.g. everolimus), and if they compared drug-eluting stents with each other.
Data aggregation
We calculated Peto's odds ratios (ORs) for total, cardiac, and noncardiac mortalities and stent thromboses based on intention-to-treat data. Simulation suggests that with rare events, meta-analysis underestimates the true effect of treatment over control, but Peto's ORs are the least biased and most powerful method of pooling trial results among the methods in common use. 15, 16 When events are rare, ORs are a close approximation to the relative risk. 17 We tested for heterogeneity with the Cochran Q-test and measured inconsistency (I 2 ; the percentage of total variance across studies that is due to heterogeneity rather than chance) of treatment effects across trials. 18 In addition, we performed sensitivity analyses for all outcomes comparing trials using sirolimus vs. trials using paclitaxel-eluting stents.
We investigated the presence of publication bias by means of funnel plots. 19 All statistical analyses were performed using Stata 8.2 (StataCorp, College Station, TX, USA).
Results
We identified 17 trials including a total of 8221 patients which reported mortality data after 1 year. Seven trials (n ¼ 2487) used sirolimus, nine (n ¼ 4908) used paclitaxel, and one 20 (n ¼ 826) used both sirolimus-and paclitaxel-eluting stents. Figure 1 illustrates the flow of the selection process for potentially eligible trials and reasons for exclusion. Funnel plots on total, cardiac, and non-cardiac mortalities from year 1 to 3 indicated little evidence for the presence of publication bias (Egger's test consistently P ! 0.1). Twelve trials including 4631 patients reported mortality data after 2 years. Nine Figure 1 Flow chart on selection of included trials. DES, drug-eluting stent. trials including 4105 patients reported mortality data after 3 years, and two trials including 1293 patients reported mortality data after 4 years of follow-up. Most trials were designed to assess the efficacy of drug-eluting stents at 9-12 months after the index percutaneous coronary intervention in de novo (not restenotic) lesions. Thus, full-paper publications mostly reported 9-month or 1-year follow-up results. Later, follow-up information was retrieved from either web-posted conference proceedings, personal communication with the principle investigators, or stent manufacturers. The RAVEL, 21 SIRIUS, [22] [23] [24] and TAXUS 24-28 trials pre-specified reporting of long-term follow-up for up to 5 years, whereas in all other trials protocol-defined follow-up ended after 6 months, 29 9 months, 30 12 months, 31 18 months, 20 and 2 years.
32-34
Requested collaboration was obtained in all cases. Mean age of patients enrolled in individual trials ranged between 56 and 67 years and patients were mostly male ( Table 1) . Only one trial included patients with acute STelevation myocardial infarctions (21% of patients included in the BASKET-trial 20 ). One trial included only patients with diabetes. 33 Antiplatelet therapy with clopidogrel, ticlopidine, or cilostazol was recommended in all trials for at least 2-6 months after percutaneous coronary intervention. One publication included results of two trials; one comparing the TAXUS MR stent wirh a control group and the other comparing the TAXUS SR stent to a different control group. 26 Two trials compared the effects of bare metal stents with various doses of paclitaxel-eluting stents. 25, 35 For the purpose of this analysis, we compared patients assigned to bare metal stents with all patients assigned to any dose of paclitaxel-eluting stents. Event rates for total, cardiac, and non-cardiac mortalities in individual trials comparing sirolimus and paclitaxeleluting stents are summarized in Table 2 .
Quality of trials
In general, the quality of included trials was very good. All trials reported intention-to-treat analyses. All but three trials 20, 26, 30 reported concealed treatment allocation. All but four trials 20, 30, 31, 33 reported blinding of patients and caregivers. In all trials, clinical endpoints were adjudicated by an independent clinical events committee (blinded outcome assessment). Four trials did not fully describe the reasons for withdrawals and losses to follow-up. 21, 26, 27, 31 All trials had a loss of follow-up of ,10% at the time of publication of the main pre-specified outcome report (6-12-month follow-up examinations). No trial reported rates of patients lost to follow up after 1 year.
Overall mortality
ORs for overall mortality in patients treated with drug-eluting when compared WITH patients treated with bare metal stents were after 1 year (n ¼ 17 trials) 0.94 [95% confidence interval (CI) 0.66-1.34; test for heterogeneity P ¼ 0.6], after 2 years (n ¼ 12 trials) 1.11 (95% CI 0.76-1.61; test for heterogeneity P ¼ 0.7), after 3 years (n ¼ 9 trials) 1.25 (95% CI 0.91-1.73; test for heterogeneity P ¼ 0.9), and after 4 years (n ¼ 2 trials) 1.46 (95% CI 0.92-2.31; test for heterogeneity P ¼ 0.5) (Figure 2 ).
Cardiac mortality
ORs for cardiac mortality in patients treated with drug-eluting when compared with patients treated with bare metal stents were after 1 year (n ¼ 17 trials) 0.84 (95% CI 0.52-1.36; test for heterogeneity P ¼ 0.7), after 2 years (n ¼ 12 trials) 0.73 (95% CI 0.44-1.23; test for heterogeneity P ¼ 0.8), after 3 years (n ¼ 9 trials) 1.00 (95% CI 0.62-1.60; test for heterogeneity P ¼ 0.6), and after 4 years (n ¼ 2 trials) 1.24 (95% CI, 0.64-2.40; test for heterogeneity P ¼ 0.2).
Non-cardiac mortality
The OR for non-cardiac mortality in patients treated with drug-eluting compared with patients treated with bare metal stents was not different after 1 year of follow-up (n ¼ 17 trials) (OR 1.07; 95% CI 0.64-1.80; test for heterogeneity P ¼ 0.8). However, from 2 to 4 years of follow-up, OR for non-cardiac mortality tended to be higher in patients treated with drug-eluting than in patients treated with bare metal stents: After 2 years (n ¼ 12 trials), the OR was 1.72 (95% CI 1.01-2.94; test for heterogeneity P ¼ 0.6), after 3 years (n¼9 trials) 1.45 (95% CI 0.93-2.25; test for heterogeneity P ¼ 0.7), and after 4 years (n¼2 trials) 1.65 (95% CI 0.88-3.10; test for heterogeneity P ¼ 0.08).
Sensitivity analyses
Sensitivity analyses did not reveal any difference in overall or cardiac mortality between trials using sirolimus-and trials using paclitaxel-eluting stents. However, at 2 and 3 years of follow-up, non-cardiac mortality was significantly increased when compared with bare metal stents in trials using sirolimus-, but not paclitaxel-eluting stents (OR 2.74, 95% CI 1.22-6.13; test for heterogeneity P ¼ 0.5 in trials using sirolimus-eluting stents compared with OR 1.21, 95% CI 0.59-2.45; test for heterogeneity P ¼ 0.4 in trials using paclitaxel-eluting stents at 2 years, and OR 2.04, 95% CI 1.00-4.15; test for heterogeneity P ¼ 0.6 in trials using sirolimus-eluting stents compared with OR 1.17, 95% CI 0.67-2.05; test for heterogeneity P ¼ 0.6 in trials using paclitaxel-eluting stents at 3 years) ( Figure 2 ). Causespecific reasons for non-cardiac deaths in patients treated with sirolimus-eluting stents are summarized in Table 3 .
Stent thromboses
In general, stent thromboses occurring 30 days or more after stent implantation were rare ( Table 4) . There was no difference in the incidence of early or late stent thromboses in patients treated with drug-eluting stents compared with patients treated with bare metal stents (OR 1.15, 95% CI 0.63-2.11; test for heterogeneity P ¼ 0.7 for stent thromboses occurring 30 days after stent implantation, and OR 1.33, 95%CI 0.68-2.58; test for heterogeneity P ¼ 0.13 for stent thromboses occurring from 30 days to the latest available follow-up after stent implantation).
Discussion
In this meta-analysis of randomized controlled trials, we found a trend towards an increased risk for overall mortality in patients treated with drug-eluting stents compared with bare metal stents among trials providing data from the second to the fourth year of follow-up. However, CIs for this finding were wide and included 1. Although there was no difference in cardiac mortality, non-cardiac mortality seemed to be higher among patients treated with drug-eluting than among patients treated with bare metal stents. In sensitivity analyses comparing trials using sirolimus-and trials using paclitaxeleluting stents, this increase in non-cardiac mortality seemed to be limited to trials using sirolimus-eluting stents.
We have conducted an extensive literature search to retrieve all relevant eligible trials. Although formal testing did not indicate any publication bias, such a bias cannot definitely be ruled out due to the small number of trials included and the low power of any test to detect a publication bias. Although publication of the TAXUS trials [25] [26] [27] [28] generally did not present data on overall, but only on cardiac mortality, we were able to obtain data on overall mortality for all trials by directly contacting the stent manufacturer. The quality of the included trials was generally very good, and there was no evidence of heterogeneity among treatment effects on mortality.
Our study has several limitations and should be interpreted with caution. Most non-cardiac deaths in patients treated with sirolimus-eluting stents were either due to cancer, stroke, or infectious diseases. Owing to the small number of non-cardiac deaths in the included trials, we were not able to explore whether one of these individual causespecific deaths occurred more commonly in patients treated with sirolimus-eluting stents than in patients treated with bare metal stents. Therefore, we cannot rule out that the observed association of an increase in non-cardiac mortality with the use of sirolimus-eluting stents might be due to chance alone. However, especially the association of cancerrelated deaths associated with the use of sirolimus-eluting stents requires further attention. There is little evidence in the medical literature about serious side effects associated with the use of sirolimus. However, a large multicentre trial to evaluate pre-emptive sirolimus therapy in recipients of orthotopic liver transplantation reported an increased incidence of death in the group treated with sirolimus and tacrolimus when compared with the group treated with tacrolimus alone. 36 A further limitation of our analysis is the lack of information on differential loss of follow-up after regular termination of trials. Follow-up data were in majority retrieved from webposted conference proceedings or personal correspondence with either the principle investigators of trials or stent manufacturers. All trials including sirolimus-eluting stents pre-specified the reporting of total mortality. In contrast, publications of the TAXUS trials did not routinely report overall mortality, but were restricted to the report of cardiac mortality as an individual component of a combined primary outcome of major cardiovascular events. The database of all TAXUS trials is entirely under control of the stent manufacturer (Boston Scientific Corporation, USA). We were therefore unable to verify the reported mortality rates in the TAXUS trials and had to rely on information provided by the manufacturer. Non-cardiac mortality was not pre-specified in any trial. Any potential bias originating from a biased data source such as the stent manufacturer, however, would introduce a bias towards a lack of association between the use of drug-eluting stents and increased mortality. Therefore, the findings of our analysis should all the more so raise concern about the safety of drug-eluting stents. This concern is supported by the results of the late BASKET trial that observed an increase in a combined outcome of cardiac death and non-fatal myocardial infarction after 18 months in patients treated with drug-eluting stents when compared with patients treated with bare metal stents. 37 The preliminary findings from this meta-analysis demand full disclosure of cause-specific mortality data in all trials with drug-eluting stents with extended observation periods. The databases of randomized controlled trials comparing drug-eluted stents with bare metal stents should be controlled by an independent organization and not by the stent manufacturers. Our results further stress the importance of monitoring long-term safety of drug-eluted devices in cohort studies.
In summary, our results fail to demonstrate a mortality benefit for drug-eluting stents when compared with bare metal stents for the treatment of coronary artery disease during an extended follow-up of up to 4 years. In the absence of any difference in cardiac mortality, the use of sirolimus-eluting stents seems to be associated with an increase in non-cardiac mortality. Longterm surveillance of patients treated with drug-eluted stents and full disclosure of causes of deaths of these patients are crucial for the assessment of the long-term safety of drug-eluted stents.
